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Introduction
Dobzhansky’s (1964, p.449) ‘reckless generalization’ that 
evolution unites and explains all biology through the idea 
of common descent by natural selection found a receptive 
scientific audience. However, an evolutionary world view 
(or, as Dennett 1995 put it, ‘Darwin’s dangerous idea’) 
has not found universal acceptance outside science. 
There are strong, coordinated and widely-held objections 
to evolution, drawn predominantly from elements within 
Christianity (Numbers 1992) and, more recently, Islam 
(Hameed 2008). Jewish concerns with evolution are also 
long-standing (Cantor and Swetlitz 2006a). Objections 
appear in various forms of creationism, which ‘… rejects 
natural scientific explanations of the known universe 
in favor of special creation by a supernatural entity’ 
(National Academy of Science and Institute of Medicine 
2008). Miller et al. (2006) concluded that approximately 
33% of American adults rejected evolution. Outside 
the United States (US), Cornish-Bowden and Cárdenas 
(2007) noted increasing creationist activity in Turkey, 
the United Kingdom (UK), Europe and Latin America, 
driven sometimes by Islamic as much as Christian 
fundamentalism. Most Australians (70%) believe that 
 
evolution is occurring, while 9% disbelieve evolution 
(Wyatt and Stolper 2013). 
Creationist views intrude in education. Berkman et al. 
(2008) found that more US citizens (10%) favoured 
teaching only Biblical creation in public schools than 
favoured teaching only evolution (8%), with 76% 
supporting teaching a combination. Islamic creationism 
is attractive to Muslim students in Europe, with Hameed 
(2008) reporting anecdotal instances of Muslim students 
leaving lectures on evolution. In Australia, the survey 
data are dated: 12.6% of first year biology students (20% 
in Sydney) believed in a special creation of humans 
within the last 10 000 years (Price 1992). This century, 
Brendan Nelson (then Commonwealth education 
minister) proposed including the creationist concept 
of intelligent design in school curricula, a positive view 
of creationism was a mandatory assessment component 
at a Queensland public high school, and the number 
of Christian schools in Australia has expanded, with 
at least some teaching creationism as an alternative to 
evolution (Maddox 2014). 
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Despite overwhelming evidence for the common ancestry of life and evolution by natural selection, 
ideas invoking direct creation persist, disrupting teaching evolution as a central biological concept. 
While originating within fundamentalist Protestantism in the USA, creationist views are now prominent 
elsewhere and in other religions. Responses by educators include ignoring evolution; excluding 
evolutionary topics especially provocative to creationist students; advocating evolution while ignoring, 
disparaging or ridiculing creationism; distinguishing between scientific and religious approaches before 
considering only the scientific; and acknowledging evolution and creationist positions as different 
world views that one may understand, but not necessarily accept. 
Here, we argue that any chance of success in teaching evolution to creationist students requires 
elements of the last two of these approaches. Applying them requires understanding students’ 
worldviews and the methods and limitations of science, as well as employing learning activities that 
engage, not alienate. In this context, we describe the creationist positions that may be encountered 
when teaching evolution, the fundamentals appropriate to teaching scientific method, and the teaching 
strategies of affirmative neutrality and procedural neutrality that educators may use to counter 
creationist views when teaching evolution.  We regard understanding of the common ancestry of life 
and natural selection and other evolutionary mechanisms as threshold concepts that, once grasped, 
can transform students’ interpretations of biology and possibly their world views. 
Mentioning creationism in the context of science education may be a dangerous idea, but what is 
worse - to establish some common ground with creationist students in the hope of leading them to 
an understanding of evolution, or to leave them ignorant of any evolutionary concepts at all?
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Therefore students with creationist beliefs do enrol in 
biology classes at Australian universities. In that context, 
it is valuable to consider teaching creationist students 
to understand evolutionary concepts, if not necessarily 
to accept them, as an educational challenge requiring 
educators to understand their audience, understand 
and teach using the scientific method, and to interact 
respectfully  (irrespective of personal views) to avoid 
possible alienation of creationist students. Therefore we 
begin by reviewing the diversity of creationist positions 
that may arise when teaching evolution, outlining key 
principles about the nature and limitations of science, 
and proceed to considering strategies that educators may 
adopt to enhance understanding of evolution by students 
holding creationist positions. These strategies include 
acknowledging that there are creationist worldviews and 
distinguishing between science and religion as a justification 
for teaching only evolution in the science classroom. 
Many students professing acceptance of evolution have 
poor understanding of evolutionary concepts (Alters and 
Alters 2001; Ingram and Nelson 2006; Isaak 2007), so 
emphasising understanding is not choosing ‘second best.’ 
In so doing, we imply no doubt regarding the age of 
the earth, the power of natural selection and other 
mechanisms to produce evolutionary change, or the 
common descent of all life, nor do we advocate teaching 
creationism or the ‘creation - evolution controversy’. 
Our point is that educators should understand creationist 
positions and strive for the goal that those students 
come to understand, if not accept, evolution. This is 
no different to addressing other conceptual problems 
that students may encounter in studying other topics in 
science (e.g., Francek 2013; Dangur et al. 2014; Greca 
and Freire 2014). Further, acknowledging creationist 
viewpoints is not a new idea; many evolution text books 
do this for the purpose of articulating the argument for 
evolution and illustrating the enormity of evidence for 
the facts that species change over time and that they 
derive from a common ancestor (e.g. see Ridley 2004; 
Futuyma 2009; Freeman and Herron 2007). Specifically 
addressing creationist viewpoints also recognises that 
the common ancestry of life and evolution by natural 
selection are threshold concepts (Meyer and Land 
2003) that, once grasped, can transform students’ 
interpretations of biology and possibly their world 
views. Mentioning creationism in a science class may 
be ‘dangerous’, but the alternative is to risk leaving 
some students – both creationist and non-creationist – 
ignorant of key evolutionary concepts.
Diversity of beliefs about creation 
and evolution
The creationist view that biological diversity arose from 
special creation by a supernatural entity embraces a 
wide range of different beliefs, freely acknowledged by 
creationists themselves (Wood 2011), that shade at one 
end of the continuum into entirely secular positions. 
Several authors have attempted classifications of different 
Viewpoint Characteristics
Flat Earthism The universe, including a flat Earth at the centre and all biodiversity, was created in six literal 24-hour days less 
than 10 000 years ago.
Geocentrism Accepts all the points above except that the Earth is flat.
Young-Earth Creationism Rejects a geocentric view of the solar system in favour of a heliocentric one, but believes in separate creation of ‘kinds’ 
of plants and animals as stated in Genesis (with some adherents allowing the possibility of limited microevolution 
within the boundaries of kinds). The earth is considered to be between 6000 and 10 000 years old.
Gap Creationism Believes in a pre-Adamic creation destroyed before the modern world was created. Rejects macroevolution, but 
may accept limited microevolution. 
Day-Age Creationism Believes that the 24-hour days of Genesis refer to unspecified periods of time over which creation occurred. 
Rejects macroevolution, but may accept limited microevolution.
Progressive Creationism Accepts a gradual unfolding of creation over long geological periods. Rejects macroevolution, but may accept 
limited microevolution.
Creation Science Seeks extrabiblical evidence for the supernatural creation of biodiversity. Rejects macroevolution, but may accept 
limited microevolution. It straddles several of the above categories. For example, some proponents adopt a Young-
Earth position while others do not.
Intelligent Design 
Creationism
Asserts that some features of living organisms are ‘irreducibly complex’ or too tightly integrated to arise by 
gradualism and hence reflect the influence of a supernatural designer. Proponents may range across several of the 
categories above. Most accept the possibility of natural selection and limited microevolution, but not the evolution 
of higher taxonomic levels, ‘irreducibly complex’ structures or new animal body plans because mutation and natural 
selection are inadequate mechanisms.
Evolutionary Creationism Accepts that evolution as understood by science occurs, but that God intervenes in the process.
Theistic Evolutionism Accepts that evolution as understood by science occurs as the unfolding of a divine plan.
Agnostic Evolutionism Holds that one cannot know if God was involved in evolution.
Materialist Evolutionism Rejects any need for, or involvement by, God in evolution.
Table 1. The continuum of views regarding creationism and evolution as defined from a Judaeo-Christian perspective 
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schools of creationist thought and their relationship to 
mainstream scientific opinion (e.g., Alters 1999, 2005 
(Chapter 3); Alters and Alters 2001 (Chapter 4); Kojonen 
2013). Scott’s (2009) classification based on Judaeo-
Christian perspectives, which we modify to incorporate 
extensions by Senter (2010), is the most comprehensive 
(Table 1). The two key points are the broad range of 
beliefs and the existence of positions that reconcile 
evolution with religious world views.
Islamic engagement with creationism has a unique 
religious and cultural context because much of modern 
science is new to many Muslim societies and is associated 
with colonialism. Nevertheless, science, including 
evolution, is seen as important in social progress 
and part of the image of Islam as a rational religion 
(Hameed 2013). Even if descriptions of creation in 
the Koran are interpreted literally, they fit comfortably 
with acceptance of an old earth (if not biological 
evolution), so very few Islamic creationists regard the 
earth as young (Hameed 2008). There are also readings 
of the Koran that are held to infer evolutionary theory, 
such that Islam is compatible with acceptance of 
evolution, even of humans (Ghafouri-Fard and Akrami 
2013). Thus to compare these views with Scott’s 
(2009) classification of Judaeo-Christian positions on 
creationism and evolution, Islamic creationists would 
approximate Gap Creationism, Day-Age Creationism 
or Progressive Creationism. Accommodatory positions 
would approximate Evolutionary Creationism and 
Theistic Evolutionism.
Other religious traditions are more accommodating of 
evolution. A 2008 survey of acceptance of evolution 
amongst adherents of different religions in the US 
found that 81% of Buddhist respondents and 80% of 
Hindu respondents agreed that ‘Evolution is the best 
explanation for the origin of human life on earth’ (The 
Pew Forum on Religion & Public Life 2008). 
Scientific method
Just as understanding creationists’ beliefs, and that 
there are religious positions that accommodate 
evolution, is important for educators seeking ways to 
engage students, it is valuable for all parties to remind 
themselves of the nature and limitations of scientific 
method. Gauch’s (2003) PEL (Presuppositions – 
Evidence – Logic) model of science is an effective 
framework for a quick introduction. 
Evidence and logic are the most commonly understood 
components of the model (and for some, the only parts 
they know). The evidence comes from systematic 
observation and experimentation, such that ideas can 
be tested to see whether they match with real world 
experience. The process of testing ideas against reality 
distinguishes science as a mode of inquiry (National 
Academy of Sciences 2008). Inductive and deductive 
logic connect the findings from individual observations 
or experiments into chains of reasoning. It is not 
necessary to be present when a phenomenon occurs to 
study it – one can apply logic to post hoc observations, 
in exactly the same way as forensic scientists approach 
a crime scene. This can be important in answering the 
creationist challenge ‘were you there?’ (Isaak 2007; 
Futuyma 2009). 
Evidence and logic rest on presuppositions, which are 
beliefs essential to reaching a conclusion, but cannot 
themselves be proved (Gauch 2003).  For example, to 
be able to test ideas scientists must presuppose that 
the world is, has been, and will remain, ordered and 
comprehensible; our sense perceptions (and by extension 
our instruments) give reliable, complete information; 
and that a ‘real’ world exists against which ideas can be 
checked and discarded if they do not fit. None of these 
presuppositions can be proved, but without them one 
cannot do science. For Gauch, this introduces the F 
word - faith, because without having faith in unprovable 
presuppositions science is not possible. 
Intellectuals accustomed to the pat formula that ‘Science 
has facts but religion has faith’ may be shocked to see 
that science also has faith. Nevertheless, science is built 
on faith. If scientists rarely grasp or even sometimes 
contradict this, all that proves is that many scientists 
have a superficial understanding of their discipline’s 
foundations. For scientists, seeing a coin in a cup counts 
as definitive evidence for the conclusion ‘That there is a 
coin in the cup’ precisely, only and decidedly because of 
scientific faith (Gauch 2003, p. 151). 
Before retorting that doubting that we are embedded in 
reality is ridiculous, the possibility that the ‘real world’ is a 
simulation or hologram is discussed seriously in philosophy 
(Bostrom 2003) and is the subject of advanced research 
in the physical sciences (Bekenstein 2003; Biron 2014). 
As Davies (2008) noted, our notion of science would be 
upended if we discovered that our world is not ‘real’. 
Presuppositions also place clear boundaries on scientific 
enquiry. For example, supernatural influences cannot 
be considered because they cannot be measured, 
controlled or manipulated to test their fit against 
reality, while invoking them as an explanation stops 
further search for natural causes. As Futuyma (2009, 
p 613) notes: ‘scientists can test and falsify some 
specific creationist claims... , but scientists cannot 
test the hypothesis that God exists, or that He created 
anything, because we do not know what consistent 
patterns these hypotheses might predict.’ Whether 
observed patterns in biodiversity fit those as predicted 
by evolution, as opposed to separate creation, can be 
tested. However, science cannot answer questions of 
supernatural intervention and religion, just as religion 
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Viewpoint Characteristics
Avoidance The instructor includes no evolution at all in the curriculum or avoids topics especially provocative to 
creationist students (Jones 2007). Such approaches may lead students to question established scientific 
findings or even to accept creationist viewpoints on topics avoided in class (Berkman and Plutzer 2011). 
Students may seek avoidance themselves by invoking universities’ conscientious objection policies, but Scott 
and Branch (2008) highlight the impracticality of exempting biology students from a theory that pervades 
the entire discipline and the absence of unobjectionable alternative exercises to cover the material.
Advocacy Creationist views are ignored. While reasonable from the valid viewpoint that only science belongs in 
science classes, excluding any reference to creationism can lead to a perception of scientific arrogance, 
especially if combined with attacks on religion (Ruse 2007) and even enhance resistance from creationist 
students (Isaak 2007; Jones 2007). 
Affirmative neutrality Presents a range of positions on the origin of biodiversity in class without making value judgements, with a 
view to highlighting the distinction between science and religion as a justification for teaching only evolution 
in the science classroom (e.g., Tobin 2008; Alexakos 2009; Reiss 2010).
Procedural neutrality Students express their views rather than considering a summary from the instructor. Those views are then 
discussed briefly as a primer to studying evolution as the sole scientific explanation of the origin of biodiversity. 
Neither affirmative neutrality nor procedural neutrality involves ‘teaching the controversy’: instead, the focus is 
on acknowledging a range of views and explaining why only evolution is scientific (Ingram and Nelson 2006).
Table 2. Four broad approaches to teaching evolutionary biology where creationist students may be present in the 
class (after Hermann 2013).
Responses to creationism in the 
classroom
An understanding of the scope of creationists’ beliefs 
and the methods and limitations of scientific inquiry 
give context to choosing approaches for teaching 
evolutionary biology where creationist students may 
be present. Hermann (2013) listed four: avoidance, 
advocacy, affirmative neutrality and procedural 
neutrality (Table 2).
Don’t use avoidance or advocacy
Avoidance (not teaching evolution) denies the 
centrality of evolution in biology, so it is not an 
option. Advocacy presents the science alone, but may 
not connect with creationist students by creating a 
perception of scientific arrogance. For example, Randy 
Olson noted after the premiere of his evolution/
intelligent design documentary Flight of the Dodos 
that ‘... the single biggest impression they [students 
in the audience] walked away with was not that the 
intelligent design advocates were dishonest, which 
they clearly were ..., but that the evolution professors 
were arrogant, condescending and irritating’ (Olson 
2009, p. 127). Such an impression is hard to shift and 
may intensify fundamentalist religious beliefs (Ruse 
2007). Even worse, treating those holding alternative 
views with scorn may ‘... only reinforce their belief 
that evolutionists are evil scum’ (Isaak 2007, p. xxix). 
Armstrong (2010) goes further, arguing that religious 
fundamentalism is essentially a response to a perceived 
attack and that using evolution as an argument for 
atheism encourages denial of evolution as part of 
rejecting atheism. In response, students may ‘learn for 
the test’, telling instructors what they want to hear 
while holding privately to other beliefs (Long 2012). 
Thus we share Alexakos and Pierwola’s (2013, p. 43) 
aversion for the view that ‘… students are essentially 
told to shut up and go to class’ rather than engaging 
with issues as a route to genuine understanding. 
Use affirmative neutrality and procedural neutrality
Affirmative neutrality and procedural neutrality offer 
more effective options, considering a range of positions 
on the origin of biodiversity in class without making value 
judgments, with a view to highlighting the distinction 
between science and religion as a justification for 
teaching only evolution in the science classroom (e.g., 
Tobin 2008; Alexakos 2009; Reiss 2010). Appreciating 
this distinction may be a threshold concept for many 
students (creationist and non-creationist alike), 
irreversibly transforming their understanding of science 
or allowing them to accommodate scientific and religious 
views (see Meyer and Land 2003 for a review of threshold 
concepts in general, and Ross et al. 2010 and Cheek 2010 
for applications within the life and geological sciences 
respectively). Importantly, this is not to say that non-
scientific views lack value. As Baker (2000) points out, 
questions such as ‘Why is there anything rather than 
nothing at all?’ are not amenable to scientific answers, 
but are suited to other modes of inquiry.  Several 
pedagogical strategies can be applied under affirmative 
neutrality and procedural neutrality, which we believe 
are preferable to avoidance or advocacy. 
Establish trust
Affirmative neutrality and procedural neutrality require 
trust between instructor and students, preventing a 
barrier of arrogance (Isaak 2007; see also the role of 
‘radical listening’ in Alexakos and Pierwola 2013) or 




Zoologist volume 38 (3)
This paper is part of the theme edition of Australian Zoologist - “Dangerous Ideas in Zoology”
Reading Description
For instructors
Alters and Alters (2001) Offers a comprehensive review of religious and non-religious objections to evolution, plus a rationale 
for teaching evolution and comprehensive suggestions for classroom approaches. 
Alters (2005) An update on the above.
Scott (2009) Provides a thorough review of creationist and evolutionary positions, plus numerous readings.
Isaak (2007) A quick, one volume reference for rebutting creationist scientific claims. More obscure or recent 
claims, including some arising from Islamic creationists, are rebutted at http://www.talkorigins.org/
indexcc/.
Gauch (2003) A detailed discussion of scientific method.
For students
Gould (1997) Gould’s essay arguing for accommodation between evolutionary and theological positions can be a 
useful counter to arguments that acceptance of evolution inevitably leads to atheism.
Dobzhansky (1973) A defence of evolution and rejection of biblical literalism by an accomplished scientist who took the view 
‘that the Creation is realized in this world by means of evolution’ (p.129).
Armstrong (1996) This extended, non-literal interpretation of Genesis illustrates a long-standing theological 
tradition of interpreting Genesis metaphorically. At the very least, the depth of scholarship might 
give a biblical literalist pause.
Parker (2009) As an evolutionary biologist and Christian, Parker’s original interpretation of the Genesis creation 
story is to read Geneis 1:14 (‘Let there be lights in the firmament of the heaven to divide the day 
from the night; and let them be for signs, and for seasons, and for days, and years’) as indicating 
the evolution of sight. His literal Genesis reading (albeit accepting that ‘day’ refers to an unspecified 
period of time) may appeal to more conservative students.
National Academy of 
Science and Medicine 
(2008)
This is a succinct account of evidence for evolution and rejection of creationism within a general 
framework of accommodating science and religion.
http://www.oldearth.org At the rough and tumble level of online prosletysing, this Christian web site is devoted to challenging 
the views of young earth creationists and asserting the compatibility of science and religion.
Miller (2003) This edited volume addresses difficult theological issues such as evolution and original sin, evolution 
and the soul, and combining special providence with non-interventionism. Other chapters extend 
these views to give a Christian ethic for environmental stewardship and biodiversity conservation 
that acknowledges evolution as the source of biodiversity.
Sager (2008) Perhaps the most significant section of this detailed compendium of statements supporting teaching 
the theory of evolution is the significant number of positive statements from different religious groups. 
These statements are also available online at http://ncse.com/media/voices/religion. 
Table 3. Readings and resources for instructors and students.
sensitive issues. Jones (2007) recommends against 
starting a general biology unit with evolution, and 
suggests establishing rapport first by considering other 
contentious topics such as research ethics or animal 
welfare. Terry (2009) proposes vegetarianism as an 
example. Buddhists accept the science indicating the 
nutritional value of meat, while choosing vegetarianism 
on ethical grounds. Jones (2007) and Jackson (2007) 
suggest animal welfare as another suitable topic. Such 
background is valuable later in explaining why evolution 
is science and creationism is not, while still valuing 
reasoning outside science.
Acknowledge theological positions that accept evolution
Jackson (2007) found that many of his creationist 
students were unaware of the diversity of religious opinion 
accepting evolution. By acknowledging theological 
positions that accept evolution, students can understand 
that there is not necessarily a controversy between religion 
and evolution (see Table 3 for resources for students). 
Allmon (2009) recounts an anecdote concerning an 
academic whose students wanted creationism taught 
alongside evolution. He assigned students a religion at 
random, asking them to research that religion’s position 
on evolution (it is unclear whether ‘religion’ included 
denominations within major faiths). This independent 
research and inquiry reversed students’ views, with most 
who completed the assignment agreeing that creationism 
should not be taught in science classes. 
Presumably, the students uncovered theological views 
such as: ‘The first chapter of Genesis, therefore, was 
not intended to be a historical account of the beginning 
of life but a meditation upon the nature of being itself’ 
(Armstrong 1996, p. 18). In this long-lived tradition 
‘... far from regarding revelation as static, fixed and 
unchanging, Jews, Christians and Muslims all knew that 
revealed truth was symbolic, that scripture could not be 
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meanings and could lead to entirely fresh insights’ 
(Armstrong 2010, p. 310, see also Rabbinical Council 
of America 2005 for a Jewish perspective, Hameed 2008 
for an Islamic one, or Auerbach 1953, p.15 for a secular 
exposition of ‘... the text of the Biblical narrative (being) 
so greatly in need of interpretation on the basis of its own 
content’). The conclusion is that religious students who 
know more theology are more likely to accommodate 
evolution (Jackson 2007; Jones 2007), or even to view 
creationist positions as ‘bad science and bad theology’ 
(Kojonen 2013, p.251) or ‘bad science and inadequate 
religion’ (Armstrong 2010, p.291). 
Use historical examples
For those who agree with Gauch (2003, p. xv) that ‘A 
humanities-rich version of science is more beneficial 
and engaging than a humanities-poor version’, modern 
evolutionary theory can be introduced through a history 
of evolutionary ideas (see Miller and Totten 2009 for a 
description of an interdisciplinary undergraduate course 
along these lines and the text books Ridley 2004; Freeman 
and Herron 2007; and Futuyma 2009). Historical 
approaches reveal that evolutionary ideas antedated 
Darwin considerably (Bowler 1989; Ruse 2007; Freeman 
and Herron 2007), and that a generational shift in the 
scientific establishment akin to a Kuhnian paradigm 
change was necessary for widespread scientific acceptance 
of natural selection (Bowler 1989). It also emphasises 
how evolutionary world views raised challenging ideas 
about the age of the earth, environmental change, the 
role of natural selection rather than design in adaptation 
to changing surroundings, explaining natural phenomena 
without invoking miracles, and including humans within 
nature as subjects of evolution (Bowler 1989; Cantor 
and Swetlitz 2006b; Moore 2007). Arguments from 
design were dismissed decades ago, so the resurrection 
of intelligent design arguments in recent years is an 
unproductive atavism (Terry 2009). 
Separate methodological naturalism from philosophical/
ontological naturalism
Excluding creationism from science classes because 
it is unscientific assumes that students understand 
the distinction between science and non-science. 
However, many introductory textbooks give only the 
briefest treatment of scientific method (Calver et 
al. 2009, Belk and Maier 2013 and Phelan 2015 are 
exceptions, devoting substantial chapters). A more 
detailed coverage prepares students to recognise that 
creationism is not science. In particular, it is valuable 
to distinguish between methodological naturalism 
– the exclusion of supernatural influences from 
science because their action cannot be controlled or 
manipulated to observe consequences in the natural 
world – and philosophical (or ontological) naturalism, 
which holds that the natural world is all there is and 
denies the possibility of the supernatural altogether 
(Poole 2007; Scott 2009; Freeman and Herron 2007). 
The theistic evolutionist perspective accepts methodological 
naturalism, but not philosophical naturalism (Scott 2009). 
Numerous professional scientists, including some of 
exceptional attainment, accommodate evolution with their 
religion (e.g., Dobzhansky 1973; Collins 2006; Roughgarden 
2006; Kelley 2009 and Miller 2009 within Christianity, 
Abouheif 2013 within Islam, and examples in Cantor 
and Swetlitz 2006a within Judaism), albeit sometimes in 
unconventional ways (Cherry 2006; Gwynne 2009). They 
are clear evidence of Dickerson’s (1992, p. 27) declaration 
that ‘Both the die-hard atheist and the theistic evolutionist 
can function as modern biologists with absolute integrity.’
Use inquiry learning
Inquiry learning, where questions are answered on 
evidence rather than values, accords with methodological 
naturalism and is well suited to teaching evolution (Alters 
and Alters 2001; Alters 2005; Meadows 2009, Bryant and 
Calver 2009). Undergraduate evolution texts routinely 
include a specific module on the evidence for evolution:
…we begin with straightforward observation, on the 
small scale. If someone doubts that species can change 
at all, this evidence will be useful. Other people allow 
that change happens on the small scale, and doubt that 
it can accumulate to produce large scale change, such 
as new species, or new major group like the mammals. 
We work from small-scale change to see how the case 
for larger scale evolutionary change can be made. 
(Ridley (2004, p45)
Such evidence for evolutionary change on a range of scales 
draws on examples from across all disciplines in biology. 
For example, Senter (2010, 2011) examined the dinosaur 
taxon Coelosauria, which includes Archaeopteryx and other 
early birds. Creationists hypothesise that reptiles and birds 
are distinct taxa, while evolution implies transitional forms. 
Examination of morphological evidence from fossils using 
multivariate methods advocated by creationists shows 
that, contrary to creationist claims that Archaeopteryx was 
not transitional, it has strong linkages with early birds and 
dinosaur taxa. In our experience, inquiry learning and 
separately articulating the evidence for evolution in a 
structured argument is as important for students who come 
to our classes already accepting evolution, as it is for those 
who begin with creationist viewpoints. 
Suggestions for curriculum 
planning and research
The issues above suggest a short list of dos and don’ts for 
teaching evolution:
• Do establish an atmosphere of tolerance and respect in 
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• Do take time to teach scientific method, including its 
limitations, the distinction between methodological 
and philosophical naturalism, and that some important 
questions fall outside science.
• Do, when introducing evolution, make clear that the 
course will only cover science.
• Do explain to students that they are expected to 
understand evolution from a scientific perspective, 
but that does not mean that they must accept it. 
Isaak (2007) claims anecdotally that several educators 
report that this is a successful approach.
• Do mention briefly that authorities in many 
religious traditions, as well as many accomplished 
scientists, reconcile evolution with their religious 
beliefs. Give some sources for students to follow 
up if they wish. Alters (2005, pp. 9-10) notes: ‘Two 
characteristics seem to be almost universally present 
among creationist students: (1) they are pleasantly 
surprised when they learn that their instructor 
has some knowledge about their most important 
beliefs, and (2) their admiration and respect for that 
instructor increases (sic) considerably because of that 
knowledge. These characteristics are usually helpful 
in a teaching milieu.’
• Do broaden your personal understanding of the issues by 
consulting some of the readings for educators in Table 3, 
and consider directing persistent creationist students to 
some of the references for students (also in Table 3).
• Don’t teach religion. A brief mention of positions of 
accommodation is enough. Science, not religion, is the 
subject of the science curriculum. Students may consult 
some of the readings in Table 3, but they should not be 
coursework in a science class.
• Don’t, even if you are an evangelical atheist, denigrate 
or ridicule religious belief. The result is usually hostility 
and disengagement. 
With regard to research in the Australian context, Maddox 
(2014) points out the incongruity between an increasingly 
secular Australian society and the proliferation of religious 
private schools. Whether or not many of these schools are 
teaching creationism or contributing to significant numbers 
of creationist students entering Australian universities is 
unknown, because Price (1992) presented the results of 
the last major relevant survey of student beliefs. Updating 
these data, with special attention to students studying to 
be science teachers, will clarify the extent of creationism 
in the contemporary student population and its likely 
promulgation via the next generation of science teachers.
Discussion
Rejection of evolution is often held to be a serious issue 
of scientific illiteracy in the wider population (Alters and 
Nelson 2002; Mazur 2004; Miller et al. 2006), encouraged 
by promulgation of misconceptions of evolution in the 
popular media (Alters and Nelson 2002) and organised 
creationist lobby groups (Baker 2000). However, many 
sciences bewail misconceptions of concepts in their 
disciplines amongst the public or beginning students 
(e.g., Trevena and Reeder 2007; Sharma and Ahluwalia 
2012). There are also many complaints of media coverage 
misrepresenting basic concepts or facts (Donnelly et al. 
2009; Jaspal et al. 2013; Worsham and Diepenbrok 2013). 
Furthermore, climatologists (Helm 2011; Dunlap and 
Jacques 2013), medical scientists (Burnett et al. 2012) 
and conservation biologists (Ehrlich and Ehrlich 1996) 
all wrestle with lobbyists. What is unique in the case 
of evolution, though, is that biologists are supported by 
leading religious authorities who argue for the science – 
support that is rare or absent amongst the lobby groups 
in the other examples. It is that support that encourages 
us in our accommodation of creationist students through 
the pedagogical approaches of affirmative neutrality or 
procedural neutrality, rather than an advocacy approach 
that risks an intensification of rejection or resistance. 
Some, such as Dennett (2011, p. 50) regard 
accommodating religion and science as misguided, 
because it will ‘persuade few devout Christians and 
Muslims. ... Much better ... is to say yes, there is a 
conflict, and once again, science wins.’ One extension 
of such philosophical naturalism is that atheism follows 
logically from acceptance of evolution  (Dawkins 
2006). We disagree with taking this view in a class 
setting (irrespective of personal beliefs), siding with 
Ruse (2007) who, as a self-described ‘Darwinian and 
non-believer’, argues that rejecting accommodatory 
positions harms the teaching of evolution by pushing 
people into conflict over deep, sincere beliefs, implies 
scientific arrogance, and contradicts the evidence from 
distinguished scientists of faith that religion and science 
are compatible. Armstrong (2000, 2010) claimed that all 
the fundamentalist movements she studied in Judaism, 
Christianity and Islam were primarily defensive, born 
of a fear of an external threat. Taking a ‘science wins’ 
approach will therefore entrench the fundamentalist 
position and not advance the goal of providing some 
understanding of evolution. 
Adopting an accommodatory position can be 
controversial, with the case of Professor Michael Reiss, 
an evolutionary biologist, animal behaviourist, science 
educator, first ever Director of Education at the Royal 
Society, and ordained Anglican priest being a clear 
example of strong negative reactions to mentioning 
creationism. In 2008 Reiss argued in a presentation to the 
British Association for the Advancement of Science that 
creationism should be confronted in the classroom. His 
argument that teachers encountering creationist students 
should explain the distinction between creationism 
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of Education (Clery 2008; Alexakos 2009). It therefore 
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science-creation controversy, but distinguish between 
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those with strong religious beliefs to engage with evolution 
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Ultimately, educators choose teaching examples and 
methods based on personal experience and values, 
and on their students’ backgrounds and needs. The 
way they present their material, allow for student 
differences and respond to challenges in class, can 
encourage students to be comfortable with dissent, 
even in deeply personal matters. These are fundamental 
aspects of good science communication and important 
teaching points for all students. Engaging with dissenting 
views may even correct some of the misconceptions 
about evolution held by non-creationist students. While 
strongly creationist students may not come to accept 
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goal is challenging, but the greater danger is to leave 
creationist students – and possibly non-creationist ones 
as well – ignorant of basic evolutionary concepts. 
Acknowledgements
This paper evolved (pun intended) from a presentation at 
a RZ NSW meeting in November 2013. Questions from 
and discussions with Mathew Crowther, Dan Lunney, 
Harry Recher and Paul Willis shaped the current paper, as 
did comments from two anonymous reviewers. However, 




Zoologist volume 38 (3)
This paper is part of the theme edition of Australian Zoologist - “Dangerous Ideas in Zoology”
article/august-2013/holographic-universe-experiment-begins.
Bostrom, N. 2003. Are you living in a computer simulation? 
Philosophical Quarterly 53: 243-255.  http://dx.doi.
org/10.1111/1467-9213.00309
Bowler, P.J. 1989. Evolution: The History of an Idea. University 
of Chicago Press, Chicago.
Bryant, K. A. and Calver, M. C. 2009. Evolution for 
undergraduates: Fostering critical thinkers. Journal of the Royal 
Society of Western Australia 92: 473-481.
Burnett, R. J., Larson, H. J., Moloi, M. H., Tshatsinde, E. A., 
Meheus, A., Paterson, P. and François, G. 2012. Addressing 
public questioning and concerns about vaccination in South 
Africa: A guide for healthcare workers. Vaccine 30: C72-C78. 
http://dx.doi.org/10.1016/j.vaccine.2012.03.037
Calver, M.C., Lymbery, A., McComb, J. and Bamford, 
M. (Editors), 2009. Environmental Biology. Cambridge 
University Press, Cambridge. http://dx.doi.org/10.1017/
CBO9780511841569
Cantor, G. and Swetlitz, M. (eds.). 2006a. Jewish Tradition and 
the Challenge of Darwinism. University of Chicago Press, Chicago. 
http://dx.doi.org/10.7208/chicago/9780226093017.001.0001
Cantor, G. and Swetlitz, M. 2006b. Introduction. Pp. 1-18 
in Jewish Tradition and the Challenge of Darwinism, edited by G. 
Cantor and M. Swetlitz. University of Chicago Press, Chicago. 
http://dx.doi.org/10.7208/chicago/9780226093017.001.0001
Cheek, K.A. 2010. Why is geologic time troublesome knowledge? 
Pp. 117-129 in Threshold Concepts and Transformational Learning, 
edited by J.H.F. Meyer, R. Land and C. Baillie. Sense Publishers, 
Rotterdam.
Cherry, S. 2006. Crisis management via Biblical interpretation: 
fundamentalism, modern orthodoxy and Genesis. Pp. 166-187 
in Jewish Tradition and the Challenge of Darwinism, edited by G. 
Cantor and M. Swetlitz. University of Chicago Press, Chicago.
Clery, D. 2008. Misjudged talk opens creationist rift at Royal 
Society. Science 321: 1752-1753. http://dx.doi.org/10.1126/
science.321.5897.1752
Collins, F. 2006. The Language of God: A Scientist Presents 
Evidence for Belief. Free Press, New York. 
Cornish-Bowden, A. and Cárdenas, M. L. 2007. The threat 
from creationism to the rational teaching of biology. Biological 
Research 40: 113-122. http://dx.doi.org/10.4067/S0716-
97602007000200002
Dangur, V., Avargil, S., Peskin, U. and Dori, Y.J. 2014. 
Learning quantum chemistry via a visual-conceptual approach: 
Students’ bidirectional textual and visual understanding. 
Chemistry Education Research and Practice 15: 297-310. http://
dx.doi.org/10.1039/C4RP00025K
Davies, P. 2008. The Goldilock Enigma: Why Is the Universe Just 
Right For Life? Mariner Books/Houghton Mifflin Books, New 
York.
Dawkins, R. 2006. The God Delusion. Bantam Press/Random 
House, 
Dennett, D.C. 1995. Darwin’s Dangerous Idea: Evolution and the 
Meanings of Life. Simon and Schuster, New York.
Dennett, D.C. 2011. Habits of imagination and their effect 
on incredulity. Pp. 45-55 in Science and Religion: Are They 
Compatible? edited by D.C. Dennett and A. Plantinga. Oxford 
University Press, Oxford.
Dickerson, R.E. 1992. The game of science. Journal of Molecular 
Evolution 34: 277. http://dx.doi.org/10.1007/BF00160234
Dobzhansky, T. 1964. Biology, molecular and organismic. 
American Zoologist 4: 443-452. http://dx.doi.org/10.1093/
icb/4.4.443
Dobzhansky, T. 1973. Nothing in biology makes sense except in 
the light of evolution. The American Biology Teacher 35: 125-129.
http://dx.doi.org/10.2307/4444260
Donnelly, L. F., O’Hara, S. M., Oestreich, A. E., Rogers, L. 
F. and Brogdon, B. G. 2009. Interaction between academic 
radiology and the news media: A potentially powerful 
and unpredictable process - Five stories. American Journal 
of Roentgenology 192: 1382-1387. http://dx.doi.org/10.2214/
AJR.08.1829
Dunlap, R. E. and Jacques, P. J. 2013. Climate Change 
Denial Books and Conservative Think Tanks: Exploring the 
Connection. American Behavioral Scientist 57: 699-731. http://
dx.doi.org/10.1177/0002764213477096
Ehrlich, P.R. and Ehrlich, A.H. 1996. Betrayal of Science 
and Reason: How Anti-environmental Rhetoric Threatens our 
Future. Island Press/Shearwater Books, Washington DC/Covelo 
California.
Francek, M. 2013. A compilation and review of over 500 
geoscience misconceptions. International Journal of Science 
Education 35: 31-64. http://dx.doi.org/10.1080/09500693.2012
.736644
Freeman, S. and Herron, J.C. 2007. Evolutionary Analysis. 
Pearson Benjamin Cummings, Boston. 4th edition.
Futuyma, D.J. 2009. Evolution. Sinauer Associates, Inc, 
Sunderland, Massachusetts. 3rd edition.





Zoologist volume 38 (3)
This paper is part of the theme edition of Australian Zoologist - “Dangerous Ideas in Zoology”
Ghafouri-Fard, S. and Akrami, S. M. 2011. Man evolution an 
Islamic point of view. European Journal of Science and Theology 
7: 17-28.
Gould, S.J. 1997. Nonoverlapping magisteria. Natural History 
106: 16-23. 
Greca, I.M., Freire, O. 2014. Teaching introductory quantum 
physics and chemistry: Caveats from the history of science and 
science teaching to the training of modern chemists. Chemistry 
Education Research and Practice 15: 286-296. http://dx.doi.
org/10.1039/C4RP00006D
Gwynne, D. 2009. Evolution and Christian faith: reflections of an 
evolutionary biologist by Joan Roughgarden: Review. American 
Entomologist 55: 201.
Hameed, S. 2008. Science and religion: Bracing for Islamic 
creationism. Science 322: 1637-1638. http://dx.doi.org/10.1126/
science.1163672
Hameed, S. 2013. The reception of biological evolution in 




Helm, D. 2011. Climate-change policy: why has so little been 
achieved? Pp. 9-35 in The Economics and Politics of Climate 
Change. edited by D. Helm and C Hepburn. Oxford University 
Press, Oxford. 
Hermann, R.S. 2013. On the legal issues of teaching evolution 
in public schools. The American Biology Teacher 75: 539-543. 
http://dx.doi.org/10.1525/abt.2013.75.8.4
Ingram, E. L. and Nelson, C. E. 2006. Relationship between 
achievement and students’ acceptance of evolution or creation 
in an upper-level evolution course. Journal of Research in Science 
Teaching 43: 7-24. http://dx.doi.org/10.1002/tea.20093
Isaak, M. 2007. The Counter-creationism Handbook. University 
of California Press, Berkeley.
Jackson, D.F. 2007. The personal and the professional in the 
teaching of evolution. Pp. 159-178 in Teaching About Scientific 
Origins: Taking Account of Creationism, edited by L.S. Jones and 
M.J. Reiss. Peter Lang, New York. 
Jaspal, R., Nerlich, B. and Koteyko, N. 2013. Contesting 
Science by Appealing to Its Norms: Readers Discuss Climate 
Science in the Daily Mail. Science Communication 35: 383-410.
Jones, L.S. 2007. Teaching for understanding rather than 
expectation of belief. Pp. 179-196 in Teaching About Scientific 
Origins: Taking Account of Creationism, edited by L.S. Jones and 
M.J. Reiss. Peter Lang, New York. 
Kelley, P.H. 2009. Teaching evolution during the week and 
Bible study on Sunday. Pp. 163-179 in For the Rock Record: 
Geologists on Intelligent Design, edited by J.S. Schneidermann and 
W.D. Allmon. University of California Press, Berkeley. http://
dx.doi.org/10.1525/california/9780520257580.003.0010
Kojonen, E. V. R. 2013. Tensions in intelligent design’s critique 
of theistic evolutionism. Zygon 48: 251-273. http://dx.doi.
org/10.1111/zygo.12010
Long, D. E. 2012. The politics of teaching evolution, science 
education standards, and Being a creationist. Journal of Research 
in Science Teaching 49: 122-139. http://dx.doi.org/10.1002/
tea.20445
Maddox, M. 2014. Taking God to School. Allen and Unwin, 
Sydney.
Mazur, A. 2004. Believers and disbelievers in evolution. Politics 
and the Life Sciences 23: 55-61. http://dx.doi.org/10.2990/1471-
5457(2004)23[55:BADIE]2.0.CO;2
Meadows, L. 2007. Approaching the conflict between religion 
and evolution. Pp. 145-158 in Teaching About Scientific Origins: 
Taking Account of Creationism, edited by L.S. Jones and M.J. 
Reiss. Peter Lang, New York. 
Meadows, L. 2009. The Missing Link: An Inquiry Approach For 
Teaching all Students About Evolution. Heinemann: Portsmouth, 
New Hampshire.
Meyer, J. and Land, R. 2003. Threshold concepts and 
troublesome knowledge: linkages to ways of thinking and 
practising within the disciplines. Occasional Report 4, ETL 
Project, Universities of Edinburgh, Coventry and Durham. 
http://www.colorado.edu/ftep/documents/ETLreport4-1.pdf
Miller, K.B. (ed.), 2003. Perspectives on an evolving creation. 
William B. Eerdmans Publishing Company, Michigan.
Miller, K.B. 2009. The misguided attack on methodological 
naturalism. Pp. 117-140 in For the Rock Record: Geologists 
on Intelligent Design, edited by J.S. Schneidermann and W.D. 
Allmon. University of California Press, Berkeley. http://dx.doi.
org/10.1525/california/9780520257580.003.0008
Miller, K. and Totten, I. 2009. Developing and implementing 
an interdisciplinary origins course at a state university. Journal of 
College Science Teaching 38: 24-29.
Miller, J. D., Scott, E. C. and Okamoto, S. 2006. Public 
acceptance of evolution. Science 313: 765-766. http://dx.doi.
org/10.1126/science.1126746
Moore, R. 2007. The history of the evolution/creationism 
controversy and likely future developments. Pp. 11-30 in 
Teaching About Scientific Origins: Taking Account of Creationism, 
edited by L.S. Jones and M.J. Reiss. Peter Lang, New York. 




Zoologist volume 38 (3)
This paper is part of the theme edition of Australian Zoologist - “Dangerous Ideas in Zoology”
Science, Evolution and Creationism. The National Academies 
Press, Washington, DC.
Numbers, R. 1992. The Creationists: From Scientific Creationism 
to Intelligent Design. University of California Press, Berkeley.
Olson, R. 2009. Don’t Be Such a Scientist: Talking Substance In 
An Age Of Style. Island Press, Washington. 
Parker, A. 2009. The Genesis Enigma: Why the Bible is Scientifically 
Accurate. Transworld Publishers, London.
Phelan, J. 2015. What is life? Palgrave MacMillan. 3rd edtion.
Poole, M. 2007. The scientific enterprise and teaching about 
creation. Pp. 75-88 in Teaching About Scientific Origins: Taking 
Account of Creationism, edited by L.S. Jones and M.J. Reiss. Peter 
Lang, New York. 
Price, B. 1992. AIB poll of first year biology students in 
Australian universities. The Skeptic 12: 26-31.
Rabbinical Council of America 2005. Creation, evolution 
and intelligent design. http://www.rabbis.org/news/article.
cfm?id=100635. 
Reiss, M. J. 2010. Science and religion: Implications for science 
educators. Cultural Studies of Science Education 5: 91-101. 
http://dx.doi.org/10.1007/s11422-009-9211-8
Ridley, M. 2004. Evolution. Blackwell Publishing, Malden. 3rd 
edition.
Ross, P.M., Taylor, C.E., Hughes, C., Kofod, M., Whitaker, 
N., Lutze-Mann, L. and Tzioumis, V. 2010. Threshold 
concepts: challenging the way we think, teach and learn in 
biology. Pp. 165-167 in Threshold Concepts and Transformational 
Learning, edited by J.H.F. Meyer, R. Land and C. Baillie. Sense 
Publishers, Rotterdam.
Roughgarden, J. 2006. Evolution and Christian Faith: Reflections 
of an Evolutionary Biologist. Island Press, Washington DC. 
Ruse, M. 2007. The warfare between Darwinism and 
Christianity: who is the attacker and what implications does 
this have for education? Pp. 31-42 in Teaching About Scientific 
Origins: Taking Account of Creationism, edited by L.S. Jones and 
M.J. Reiss. Peter Lang, New York. 
Sager, C. 2008. (ed.) Voices For Evolution. The National Center 
for Science Education, Inc., Berkeley, California.
Scott, E.C. 2009. Evolution vs. Creationism: An Introduction. 
University of California Press, Berkeley. 2nd edition.
Scott, E.C. and Branch, G. 2008. Overcoming obstacles to 
evolution education: the OOPSIE compromise – a big mistake. 
Evolution: Education and Outreach 1: 147-149. http://dx.doi.
org/10.1007/s12052-008-0038-7
Senter, P. 2010. Using creation science to demonstrate 
evolution: Application of a creationist method for visualizing 
gaps in the fossil record to a phylogenetic study of coelurosaurian 
dinosaurs. Journal of Evolutionary Biology 23: 1732-1743. http://
dx.doi.org/10.1111/j.1420-9101.2010.02039.x
Senter, P. 2011. Using creation science to demonstrate 
evolution 2: Morphological continuity within Dinosauria. 
Journal of Evolutionary Biology 24: 2197-2216. http://dx.doi.
org/10.1111/j.1420-9101.2011.02349.x
Sharma, S. and Ahluwalia, P. K. 2012. Diagnosing alternative 
conceptions of Fermi energy among undergraduate students. 
European Journal of Physics 33: 883-895. http://dx.doi.
org/10.1088/0143-0807/33/4/883
Terry, M. 2009. Pangloss, Paley and the privileged planet: 
parrying the wedge strategy in earth science education. Pp. 77-92 
in For the Rock Record: Geologists on Intelligent Design, edited by J.S. 
Schneidermann and W.D. Allmon. University of California Press, 
Berkeley. DOI:10.1525/california/9780520257580.003.0006
The Pew Forum on Religion & Public Life, 2008. U.S. 
Religious Landscape Survey. Religious Beliefs and Practices: Diverse 
and Politically Relevant. Pew Research Center, Washington.
Tobin, K. 2008. Collaborating during turbulent times. Cultural 
Studies of Science Education 3: 793-798. http://dx.doi.org/10.1007/
s11422-008-9147-4
Trevena, J. and Reeder, A. 2007. Perceptions of New 
Zealand adults about reducing their risk of getting cancer. New 
Zealand Medical Journal 120: 1258 http://www.nzma.org.nz/
journal/120-1258/2630/
Wood, T.C. 2011. Using creation science to demonstrate 
evolution? Senter’s strategy revisited. Journal of Evolutionary 
Biology 24: 914-918. DOI: 10.1111/j.1420-9101.2010.02208.x
Worsham, H. and Diepenbrok, L. 2013. Evaluating scientific 
content: Misinformation about insects in a popular children’s 
movie. American Biology Teacher 75: 341-343. http://dx.doi.
org/10.1525/abt.2013.75.5.8
Wyatt, N. and Stolper, D. 2013. Science Literacy in Australia. 
Report prepared for the Australian Academy of Science, 
Canberra. Available from: http://www.science.org.au/reports/
science-literacy.html
